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PRELDCDIART REMARKS 


All temperatures reported in this dissertation are in the 
centigrade scale and uncorrected, 

Refractive indices were detersined with a Abbe! Refractoneter 
at 25% 

Molar refractions vere calculated by the Lorens-Lorents 
Bquation, 


Tho value for the stonic refractions were taken from Lange's 
Handbook, Eighth dition, A value of 1,100 was used for fluorine, 
Densities were deteruined at 25° with a pycnoneter calibrated 
with water @ 25°, 
Yolecular weights were determined by the method of Vapor 
Density employing the method of Victor Meyers 


‘the discovery that fluorine could be combined with carbon 
‘to produce a new series of compounds furnished the beginning for 
‘the development of a branch of chemistry known as fluorocarbon 
chemistry. The impetus for the rapid developnent of this field 
was provided by the fact that the compounds formed of the union 
of fluorine and carbon produced sone of the most chemically inert 
materials known to man, The latter dey development of the field 
however, is due to the discovery of the more reactive fluorocarbon 
derivatives and their employment in chenical synthesis, ‘he 
Scope and usefulness of the compounds so produced have made the 
field of fluorocarbon chemistry one of the most intensively 
studied branches of chenistry today, 

The research that has followed the discovery of these com 
Pounds has shown that the reactions of fluorocarbon derivatives 
are not identical with analogous organic reacticas but extend from 
modified organic reactions to sone reactions not found in organic 
chemistry. This variation in reactivity fron conventional organic 
reactions has provided the chemist with may unique and interesting 
compounds. 

On the basis of our present day kmovledge of carbon 
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‘fluorine compounds and their derivatives, it would appear that 
‘almost any hydrocarbon compound structure can be produced in the 
fluorocarbon series and some not found in organic chenistry. In 
the cases where this has been accomplished, the replacenent of the 
hydrocarbon structure in the molecule by the fluorocarbon structure 
has been found to produce compounds whose properties and reactivity 
are to a crest extent altered or even completely changed, The next 
‘step then is to employ these molecules in chemical synthesis. 

One area of the field of fluorocarbon chemistry vhich shows 
promise of being of great importance is that of nitrogen containing 
flucrocarbons. In the field of orgenic chenistry, the nitrogen 
derivatives of hydrocarbon compounds occupy a position significant 
in inportance and development, ‘The field of the nitrogen contain= 
ing fluorocarbon derivatives shows much promise but has been inves~ 
tigated only to a very Linited extent, 

One specific area of the field of nitrogen derivatives 
‘which should produce some interesting reactions and compounds is 
‘that of the nitriles or cyanides. The nitrile group, being of an 
unsaturated character, is higtily reactive, This unsaturation of 
‘the carbon to nitrogen bond combined with the strong electronega- 
tiive effect of the fluorocarbon radical should show enhanced reac~ 
tivity or reactivity of a nature sufficiently different to produce 
& significant change in the final products of the reactions. 

It has beon noted that many of the reactions of nitriles 
require acid catalysts to initiate the reaction and in many cases 
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‘the initiating acid 49 necessary to stabilize the products, ‘Thus, the 
‘sqnonolysie! of organic cyanides occurs generally in the presence of the 
hydrochloride of the axine, Alecholysis?S and reactions xith moreap~ 
‘tans3% involve an activated nitrile nucleus, and product stability is 
only accomplished through salt formation, It has been noted by Kindler 
and Trout while studying the influence of substituents on aromatic ni~ 
teiles, that the more electron inducing the attached group, the greater 
was the reactivity of the nitrile tovard hydrogen sulfide addition, 
Polymerization studies of nitriles!? indicate that once again seid was 
necessary to initiate the polymerization, indicating that a more reac~ 
tive center than that presented by the free organic nitrile is necessary 
for reactivity. 
‘he reactive nitrile structure may be presented ast 
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The fect that acid catalysis is so effective in addition reactions and 


polymerisations is probably due to the fact that the proton stabilizes 
and enhances the reactive carbon site so that under acid catalysis the 


‘This structure now provides a cationoid site very suitable for reaction, 
‘The alkforylnitriles would have an additional advantage in that the in= 
ductive effect of the very electronegative fluorocarbon radical will 
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activate the molecule to such an extent that any acid catalysis would be 


unnecessarye 
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‘This contention was found to be true in that what would be: considered 
abnormal reactions among hydrocarbon compounds were found to be quite 
" normal reactions for alkforylnitriles. 

This can be show by considering sone reactions of organic 
chemistry and comparing then with what might occur in the fluorocarbon 
nitriles. 

Gxley, Partridge and short3 have shown in the reaction of 
‘amines with cyanides to form anidines, that an equilibriua mixture is 
established, and through the choice of suitable conditions, anidines 
could easily be produced, Since anidines are usually stronger bases 
‘than the amines or ammonia from which they are produced, carrying out 
‘the reaction in the prosence of an amonium salt produces an antdintun 
salt, Provided the temperature was below the dissociation teapcrature 
for the salt, the equilibriun would be disturbed and the conversion of 
‘the cyanide into the anidine would be promoted, The reaction appears 
to be controlled by « number of factors, The presence of a more 
‘strongly anionoid nitrogen atom in the base would facilitate addition 
‘to the cyanide, the increase in strength of the base would decrease the 
proportion of the amidine converted to salt with a corresponding snaller 
@isplacenont of the equilibrium between the cyanide, base and anidines, 
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The use of alsforylnitriles in these exporinents should climi= 
nate both of these complications, The enhanced reactivity of the cyanide 
‘group due to the inductive effect of the fluorocarbon radical to which 


4% is attached, would cause tho base to be attracted to the cationcld 
site more easily, Once the anidines are forsed, even though the flucro= 
carbon réitical would tend to decrease its basicity, ths amidine would 
not be affected by any equilibrium or competition with the base for the 
available acid to stabilise iteelf, This stability chould be an ine 
herent property of the molecule itself, Therefore, slsforyInitriles 
should have at least two advantages over organic nitriles in amono- 
lysis, ‘The first is a sore readily available reaction site and the 
second is the fact that no imported stimlus is necessary to stabilize 
‘the molecule, once it is formed, 

Another phase of the reaction of nitriles that would appear to 
be of interest is that of polymerisation of these compounds, In the 
field of organic chenistry, nitriles are know to trinerize to form the 
cyanuric rings 


Bensonitrile was found by Gloes!7 to condense under the influence of 
sulfuric acid to form eyaphenin, There ere many additional references 
‘to the polymerization of individual nitriles.49% 48 yepee, Pierce and 
Bolt? polymerized trichloroacetonitrile under the influence of hydrogen 
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chloride and pressure to produce the 2, h, 6 tris (trichloromethyl) 1, 
3, 5 triasine, which they then fluorinated to give the alkforyl deriva- 
tive along with eight other fluorine containing compounds, The sub= 
stance was found to be very resistant to acid and exhibited no basic 
properties at all, 

‘The effect of the fluorocarbon group in these polymerization re= 
actions would appear to be interesting and worthy of stuly, The 
expected activation of the nitrile shold occur and polymerisation 
should then be of an unoatalysed nature, 

Grundmann, Veisse, and Seide!® have proposed an interesting 
nechanisn for triasine formation in an acidatalysed state, The 
“prinary product” 4s 8 substituted inino chloride of the type 
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Tt is a salt like structure which on decomposition with water yields 
‘the secondary anide, They propose the next step to be = diene synthesis 
‘type reaction in which the “prinary product® is the diene and the third 
nole of nitrile is the dienophile, 


T 
‘The product then loses hydrogen chloride and eronatizes to form the 
‘triasine, The sase thing could happen with the activated alkforyl ni- 
‘trile molecule to give a similer diene arrangenent followed by coupling 
to give the triasine, 

‘These then were sone of the interesting possibilities that pre= 
sented themselves when the work was undertaken, The intent of the work 
was to study the effect of the sdjacent fluorocarbon radical on a 
reacting nitrile site with expectation of chemically establishing sone 
preconceived ideas as to the nature of the reaction of alkforylnitriles 
in addition resections, The work was further extended to use the 
alkforylemidines produced a5 a synthetic tool in preparing. other 
‘fluorocarbon derivatives, 


Mistery 
‘The history of fluoreearbon compounds and their derivatives 


must date back to the discovery of fluorine by Moissan in 1886.29 
Progress was very slov at the start, due partly to the experinental 
difficulty in preparing fluorine ond the extraordinary reactivity of 
‘the element, causing it to react explosively with most organic compounds, 
Probably the first fluorocarbon produced was methforane as prepared by 
Leboan and Daniens in 1926,26 Tt vas propared by the action of fluorine 
on charcoal, muff! followed up this work and fully characterized the 
compound methforane, along with sone observations on higher homologs, 
Possibly ethforane and propforme, also produced in the reaction, 
Tater, Simons and Block's esploying mercury salts aa an explosion ine 
hibitor, reported a direct fluorination of carbon and isolated a number 
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of fluorocarbons, ith the elucidation of the physical properties and 
‘the chemical inertness of these compounds which occurred as an honolo= 
gous series analogous to hydrocarbons, it was seen that these compounds 
night well serve as a basis for a now chemistry founded on fluorocarbons 
rather than hydrocarbons. 

‘The interest in these new compounds soon provided new ways of 
Preparing fluorcearbons, These consisted of (1) controlled reaction 
detween elonantary Fluorine and Liquid hydrocarbons, copper mesh being 
employed to provide effective geometry for reaction,tlstts2%s49 siiver 
Plating of the copper gause to provide catalytic surface as well as 
beneficial geonetry;45 (2) poverful fluorinsting agents such os cobaltic 
‘fluoride which were prepared 6 38 and used in the replacenent of chlo- 
rine by fluorine to produce a fluorocarbon, !i%, 12 and (3) probably the 
nost versatile and nost comercially applicable process was the electro= 
chemical process as reported by Sinons.5 this lest process involved 
‘the production of fluorocarbons and fluorocarbon derivatives fron carbon 
containing materials by the passage of an electric current of low 
voltage through @ mixture of hydrogen fluoride and the carbon containing 
compound, A grest nusber of materials could be employed such as hydro~ 
carbons, carboxylic acids, esters, alochols, acid chlorides, ethers, 
nines, sulfides, ete., clving tho chenist a wide variety of starting 
materials with which to work, It was these latter day developments 
which paved the way for the tremendous volune of synthetic endeavor now 
being done in this new and rapidly expanding field of chemical research, 
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Renctions of Finorcearben Mitriles 

Acotforonitrilet was first prepared by Swartel7 in 1922, It 
was prepared by the dehydration of the acetforamide through the action 
of phosphorus pentoxide, Since that time the other mesbers of the 
series have been prepared in exactly the sane fashion, The fluoro» 
carbon nitriles undergo nary of the reactions found anong the organic 
nitriles, The fluorocarbon nitriles hydrolyse readily in base to form 
‘the acid salt and the amonia, Hydrogenation over platinum oxide 
yields good conversion to the amine’ and they undergo reaction with 
Grignard reagents to form alkforyl substituted acetophenones.®? The 
‘fluorocarbon nitriles have also been used with the Grignard reagent te 
produce a series of alkforyl ketones,31 

‘The most striking difference displayed by the flucrocarbon 
derivatives vhen contrasted with their organic analogs is in the boil~ 
ing points of the two materials, The acotforonitrile boils about 145° 
dellow that of the hydrocarbon analog.l6 

‘The fluorocarbon nitriles are generally prepared from the 
‘anide, which te readily prepared from the oster or the acyl halide by 
amnonolysis and can be alnost quantitatively dehydrated to the nitrile 
‘through the action ef phosphorus pentaxide."? thay ean also be pre= 
pared by the electrochemical process, using the hydrocarbon analogs as 
starting materials, Vluorocarbon nitriles are produced although there 
41s some decomposition to HFy, 


Le 
“The nomenclature used throughout the text is that proposed by 

Drs Je Hy Sinons, ‘The reader is referred to Chen, Eng, News 

(19k8), for a more complete treataent of the subject. Lead 


EXPERIMUNTAL PROCEDURES 


Sepanel, Donat erations 
‘The reactions and preparations which follow all have a comon 
chemical souree, namely the fluorocarbon nitrile, It would therefore 
be of some interest to list some general considerations of the reagents 
used and the methods of preparation for the starting materials used, 


Besgentes 
Acetforic Acta 


Propforic Acid 
Butforic Acid 
Anhydrous Amonia 
Anhydrous Methyl Amine 
Anhydrous Dimethyl Amine 


Anhydrous Hydrogen Sulfide 


Purchased fron Minnesota Mining and 
Manufacturing Company. 


Purchased from Minnesota Mining and 
Manufacturing Company, 


Purchased from Mimesota Mining and 
Manufacturing Company, 


Purchased from the E, I. duPont 
de Henours and Companys, Inc. 

Pershsoed fron Tha Matheson Company, 
Dughesed fren The Mathnocn Oompeny, 


Purchagod fron The Yathesen Company, 


‘The fluorocarbon nitriles were prepared as described in the 
‘Literature with only slight modifications in the procedure,!? The 
‘fluorocarbon nitriles as prepared were found after a oue plate distilla~ 
‘ton to be of sufficient purity to use in these experiments, lL major 


nu 
purification wes accomplished with the easily distillable ester or the 
‘equally easy recrystallisable amide since both of these products sre 
quite stable and convenient to handle, 
‘The preparation of the nitrile can be schematically represented 
by the following set of chemical equations: 


a. a 


ee 
RADON + 0g —y Ryo + SFO, 
Row Orgy Coley CGF 
‘The experinental method for the acetforonitrile will be descri- 
bed, The other mebers of the series were prepared by an analogous 
series of reactions, 


Acetforonitrile 

Bthyl acotforate, Into a 500 ce round bottom flask, fitted 
with a reflux condenser and protected fron ataospheric naisture by 
@ drying tube, was placed 11 gs (1.0 mole) of acetforic acid, To this 
was added an ice cold mixture of 96 ge (240 mole) of ethyl sloohol 
and 75 ge (0,8 mole) of concentrated sulfuric acid, ‘The mixture was 
allowed to stand at room temperature for two hours and then 
refluxed for an additionsl two hours, On cooling, the reflux 
condenser was renoved and the flask fitted with a dowward condenser, 
‘The crude product was obtained by stripping the reaction mixture of 
all Liquid boiling below 70°, This crude ester was washed 
‘twice with saturated sodium carbonate solution and dried over 
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anhydrous caleiun sulfate, ‘The crude oster vas fractionated in a dis~ 
tdNation colum packed with class helices of approximately nine theore= 
+ tieal plates, The yield of pure ester boiling at 60-62° was U5 ge 
Tela 92%, based on anount of acid used, 

Agetforanide, 4 threo necked 500 cc round bottom flask, 
Amersed in a Dry Ioo-acotone mixture, vas fitted with a delivery tube 
and a condenser through which moist air vas excluded by « calcium 
chloride drying tube. Into the flask wes placed 158 ge (1.0 mole) of 
ethyl acetforate along with 100 cc of ethyl ether, Into this mixture 
was condensed a large excess of anhydrous amonia, The reaction mixture 
vas then allowed to wara up to room tenperature and the excess ammonia 
Allowed to distill off, ‘The solvent was then stripped from the reaction 
mixture, leaving a white solid which could be recrystallised fron ethyl 
ether-petroloun ether to yield pure acetforamide (mp. 75°). The solid 
woighed 102 gs, 91% of theoretical yield, based on the original anount 
of ester, 

Agetforonitrile.= A mixture of 113 g (1,0 mole) of acetfor= 
amide and 150 ge (141 mole) of phosphorus pentoxide was placed in a 
‘round bottom flask fitted with a reflux condenser which in tum vas 
connected by.a rubber tube to a glass trap imersed in Dry Ice~acetone 
mixture, The solid mixture, when heated to 150° and held at this 
temperature for three hours, evolved scetforonitrile which was 
collected in the trap, Distillation to a now trap produced 76 
scetforonitrile, Yield 60% of theoretical based on the anide used, 
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Fluorvcarbon Antdines 

Agotforanidineye A reaction vessel consisting of an 80 ml. cyl~ 
indrical glass flask, fitted with a delivery tube and connected to a 
Dry Teo-acetone reflux condenser, was placed in Dry Ico-acetone bath, 
Into the flask was distilled 11,2 gs (0.10 mole) of acetforonitrile, A 
‘arge excess of anhydrous amonia was then allowed to condense into the 
reaction vessel containing the condensed nitrile, The Dry Ice-acetone 
dath was removed and the mixture allowed to reflux under the Dry Ice- 
‘cctone condenser for one hour. It was noted that the mixture did not 
react at Dry Iceescotone temperature, but at slightly above this tespera- 
‘ture a violent reaction ensued, The excess anmonia was alloved to dis= 
t411 off and the reaction mixture allowed to come to room temperature, 
‘The resulting product was then fractionated through a column packed with 
glass holices under reduced pressure to free it of any dissolved amonia, 
Tho final product vas a colorless Liquid, beps 35-36° @ LL my ng? 
143001, 3 141940, 
Analysis Caleulated for OpP3Noliys My 25.00% Founds Ny 2heBls 

The succeeding menbers of the serics vere low melting solids 
which resulted when the excess ansonia was alloved to distill off fron 
‘the reaction mixture, These vere recrystallised fron ethyl ether=, 
petroleum ether in the cold to renove any dissolved ammonia and when 
dried they were not found to be hydroseopic, A sumary of properties 


uw 
follows in Table 1," 

Analysis = Kjeldail's Methods Sample refluxed with concen= 
trated sulfuric acid and Seleniun netaly steam distilled into an excess 
of standard acid and back titrated with base to ethyl red end point, 

Properties - The amidines are slightly basic compounds, soluble 
in ether, alcohol and acetone, but insoluble in water, They hydrolyse 
in equoous inorganic acid to form the amoniua salt of the inorganic 
eid and fluorocarbon seid, They hydrolyse in aqueous or alecholic 
base to form the fluorocarbon amide or acid and amonia, The anidines 
were not found to be hydroscopic if properly freed of amnoning 


Neaethyl and N, N-dimethyl Alkforyl Amidines 
snotty) AeotCaramidine.= A reaction vessel consisting of an 

80 ml, cylindrical glass flask fitted with a delivery tube and 

connected to a Dry Icewscetone reflux condenser was placed in a Dry Ice= 
‘acetone bath, Into the reaction vessel vas condensed 11,2 gs (0,1 mole) 
of scetforonitrile, To the condensed nitrile was added a moderate excess 
402 Ge (042 mole), of methyl anine, the Dry Icenacetone bath was ronoved 
‘and the mixture allowed to reflux under the Dry-Ice acetone condenser for 
one hour, At the end of this tine the excess anine was allowed to dis= 
till off, leaving behind a high boiling liquid, The Liquid vas 
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@istilied under reduced pressure to yield Us gs of pure lanethyl per= 
Fluoroacetanidine bsp, 35=36° @ 11 may n9> 1.3801, a5 1,h9h04 
Analysis Caloulated for OsFzliclig Ny 22,20, Male 174505 Found, Ny21,05, 
MR 176596 

The other meubers of tho series were propared in exactly the 
‘sano manner, They were found to be more heat stable and did not require 
‘vacuum distillation, The distillation vas through a nine plate column 
Packed with glass helices, The analyses vere as described for the un ‘ 
substituted anidines, 

A list of the physical properties of the substituted anidines 
prepared appears in Table II, 

Motal Salts of Alkforylamidines 

Silver Salt of Acotforanidine,= To 5 ge (0.0hl mole) of acet~ 
foranidine dissolved in 15 ce of anhydrous ethyl ether was edded portion= 
wae 1,60 g (0,020 mole) of silver axide, An imediate evolution of 
heat was noted along with the formation of a white solid, The mixture 
was vigorously stirred and any lume of silver oxide noted were broken 
up, After all the black silver oxide vas consuned, the white solid was 
filtered, veshed a nusbor of tines xith ethyl ether and then air dried, 
‘The material was found to be the silver derivative of the anidine, The 
‘salt decomposed on heating at about 200°, 
Analysis Calculated for C2F3NpHghgt My 12.71, Agy 8.78. Pounds Ny 
12,28, Ags 48.0, 

The renaining meubers of the series vere prepared in exactly the 
‘same manner, The silver salts were all found to be white solids, 
decomposing without melting at temperatures of 200° or above, 
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‘The properties of silver salts of alkforylanidines are given 
in Table III, 

Moroury Salts of the Butforaniding,« In a teat tube imersed in 
‘an ofl beth was placed en intimate mixture of 10 gs (0,046 mole) of bute 
foramidine and 5 ge (0,023 mole) of mercuric oxide, The mixture was 
heated to 110° to melt the anidine and ves vigorously stirred, The 
formation of the white mercury salt could be noted and was essentially 
complete in two hours, ‘The molt was allowed to cool and unreacted axi~ 
ine wes leached out of the solid ty continuous extraction of the solide 
ified molt vith ethyl ether, The unreacted mercuric axide could be 
renoved by centrifugation using ethyl ether as the solvent, The heavier 
mercuric axide settled first and the upper layers ware found to be 
essentially the anidine mercury salt, After a nusber of contrifugations, 
the pure salt was obtained as a white solid that decomposed at 178°, 
Analysis Calculated for OgFy, Millet Ny 9400, Hey 32.31, Founds Ny 
Beli2y Hey 32.60, 

‘The mercury salt of the acetforamidine could not be prepared 
Since this amidine decomposed very easily wien heated, The propforani- 
ine reacted in exactly the sane fashion as the butforamidine to give a 
mercury derivative, 

The properties of the mercury salts of the alkforyl axidines 
are sumarised in Table IV, 


Attempted Preparation of the Alkali 
Metal Salts of the Alkforyl Amidines 


Hotassium tide end Dutforanidine in Liquid Amonia,= Potassium 


anide was prepared by dissolving potassiua metal in liquid amonia using 
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(*90p) Luz 
("29p) one 
(*29p) 002 


(009) 8H 
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a 
iron as a catalyst, 

In a flask containing 5 g. (0.10 mole) of potassium amide and 
17 Ge (140 mole) of Liquid amonia was added 21 g (0420 mole) of bute 
foranidine, The mixture was allowed to reflux under a Dry Ioe~acstone 
condenser for one hour, On removal of the excess amonia a viscous 
orange syrup remained, The viscous syrup appeared to be hydroseopic 
and on distillation was found to decompose, 

Potassium and but nit to 
‘@ flask containing 5 ge (0-10 mole) of potassium amide was condensed 
1965 ee (0410 mole) of butforyl nitrile, A large excess of ammonia was 
condensed in with the mixture and the contents of the flask were allowed 
‘to reflux under @ Dry Tceeacotone condenser for one hour, The solution 
gradually darkened to 2 deep brow, The excess amonia was allowed to 
@istill off leaving a brom syrup from which nothing could be distilled 
or extracted, 

‘otagsiun hydroride and putforemidine in methyl alechols= In a 
flask containing a solution of 5 ge (0+10 mole) of potessiun hydroxide 
issolved in 25 nl of methanol was added 21 g_ (0410 mole) of butyrani« 
ine, The mixture was allowed to stand one hour, The alcohol was 
renoved leaving a heavy ayrup fron which only butforanide could be 
distilled, The rest of the material resisted both extraction and 
distillation, 


Acid Salts of Alkforyl Amidines 


‘he svettorie estd salt of butyraniding,= In a round botton 


‘flask containing 15 co of acetforic acid was dissolved 5,3 g (0,025 mole) 


2 
of butforenidine, The clear solution which formed was allowed to stand 
for one hour. The excess acid wes renoved under reduced pressure 
Leaving @ residue consisting of a white solid, The solid residue could 
be purified by sublination and was found to be the acctforie acid salt 
of the butforanidines 
Analysis Osleulated for OgFyoMaQzlly Ns 8059) Wale, 3264 Pounds NyBelihy 
MaEey 32he 

‘The alkforyl amidines were found to form salts with inorganic, 
orgente and fluorocarbon acid, ‘the procedures vere the sane for all 
‘the salts except in the case of the formation of the alkforyl amidine 
lydroctiloride, Yormation of the anidine hydrochloride necessitated 
issolving the axidine in anhydrous ethyl ether and bubbling anhydrous 
hydrogen chloride through the solution from waich the fluorocarbon 
amidine hydrochloride separated, Sose representative acid salts are 
elven in Table Ve 


Acylated Alkforyl Anidines 
‘HeBensoy? butforanidine,= A solution of 2.6 ge (0.17% mole) of 
bensoyl. chloride was placed in a round bottom flask fitted with a 
Gropping funnel, condenser and protected from atmospheric moisture by 
Grying tubes, The flask was cooled in an ice bath until the contents 
were at 0%, A solution of 37 ce (0,17h mole) of butforanidine in 50 co 
of dry ethyl ether was slowly sdded to the flask, An imediate evolu 
tion of hydrogen chloride was noted along with a white precipitate of 
‘the butforamidine hydrochloride, After the addition was complete, the 
‘flask was allowed to warn up to room temperature and to stand for one 
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hour at this temperature, The mixture was filtered free of the uhite 
amidine hydrochloride and the ethereal solution carefully stoppered to 
preserve it from the atmosphere, The ethereal solution wes found on 
dilution with petroleum ether and cooling to precipitate a solid 
melting at 61-63%, Recrystallisation from ethyl ether-petroleun 
ether gave a white solid, mp, 63°C, 
Analysis Caloulated for 0),F HOiip# Ny 84865 Founds Ny 0458 

‘The acetyl derivative was prepared in the sane manner and was 
found to be a Liquid boiling at 152°, The great susceptibility of the 
derivative to hydrolysis may account for the poor nitrogen analysis, 
Analysis Caleulated for OgFaHigl0 1 Ny 114063 Foundt lly 10.37 
Saponifiestion equivalents Caleulateds 25ly Founds 255 

Butforyl chloride was found to react with the butforamidine to 
give a variety of products, mne of which could positively be identified 
as the desired acylated derivative, 

‘The reaction was carried out exactly ss described for previous 
Preparations, the following product being isolated and identified in 
‘the reaction iixturer 

1, dutforanidine hydrochloride 

2, Liquid fraction boiling at 73° @ 6h mm gave neutral 

equivalent indicating it was butforic acid 

3+ quid fraction boiling at 115-116° @ 6) mm which 

hydrolised quite rapidly on standing, to give only 
butforanide, 


2 


‘The Butforamidine with Sodium Hypobromite 

A 500 cc round bottom three necked flask containing 36 ge 
(0,90 mole) of sodium hydraxide dissolved in 100 oc of water was fitted 
vith a stirrer, dropping funnel and condenser, The condenser was 
connected by & delivery tube to a trap cooled in Dry Ice-acstone mixture, 
‘he reaction vessel was cooled to 0, 20.8 ge (0s15 mole) of bromine 
was added dropwise and cooling and stirring continued until the red 
color of bromine disappeared and only a Light yellow color renained, 
To this solution was added 32 g- (0,150 nole) of butforanidine along 
vith an additional 50 cc of water, The amidine slowly dissolved in the 
solution, The reaction mixture was left for one hour in the ice bath, 
allowed to cone to room temperature and refluxed for two and one half 
hours st 100°C, ‘the Dry Ico-acetone trap yielded after distillation 
‘through @ packed column 2.6 gs of material boiling et 17-18° with 
molecular weight of 253, which could be identified as the propforyl 
bromide, The contents of the flask on acidification yielded large amounts 
of the butforamide, 


Fluarocarbon Thicanides 

‘edseattopenite fron babterantieile.~ Inte a hoary withed pysen 
lass tube of approximately 60 ml, capacity, previously constricted for 
sealing and evacuated, was allowed to condense 6,8 g~ (0435 moles) of 
butforonitrile and 3s ge (0410 moles) of hydrogen sulfide, The tube 
was sealed off and allowed to warm up to room temperature and left at 
‘this temperature overnight. The tube was opened and the volatile 
material, consisting entirely of hydrogen sulfide, was allowed to 
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distill off into a vacuum system leaving behind 8 g, of a pale yellow 
solid, the solid was recrystallised from ether-petrolem ethor, 
yielding 6.3 g« of pure thiobutforanide, mp. 19°, 
Analysis Calculated for O,PylipiS Ny 6,125 Sy 13.97 Founds Ny 5.055 
8, 3.81, 

‘The thiopropforamide could be prepared in the sane manner, the 
reaction proceeding st room temperatures 

The thicacetforanide was not successfully prepared under these 
conditions, a considerable amount of charring taking place in the re~ 
action vessel, It was found thet if the reaction was kept at 0° for 
eightoon hours, satisfactory yiclds of the thicacetforanide were 
Obtained, The reaction could also be moderated through the use of a 
solvent such as ethyl ether, but reaction times vere extremely long, 
(100-125 bre. 

‘Bulobutforamide fron butforasidine,» In a round bottom flasie 
fitted with a two hole rubber stopper carrying a delivery tube and a 
drying tube, was placed 15 g- (0,071 moles) of butforamidine dissolved 
in 25ee of ethyl ether, Into this solution was bubbled an excess of 
hydrogen sulfide until the solution was completely saturated, The 
‘solution was then allowed to stand one hour, The ether was removed 
under redueed pressure and a high boiling liquidws left in the flasic, 
‘The Liquid sonetines crystallised on standing to yield the crude thio~ 
amide, Usually the liquid was distilled under reduced pressure to 
produce @ Liquid which imediately crystallized on cooling. The product 
recrystallised fron ether=petroleun other was found to be yellow needles 
melting at h7-L8°, 


2 
Analysis Caloulated for O,Pyigllit W, 64123 5, 13974 Founds iy 64015 
Sy 13090. 

This method was found to be quite suitable for the preparstion 
of the other menbers of the series, yields being in most cases almost 
quantitative, 

‘The properties of the fluorocarbon thicamides are sumarised 
in Table Vi 


ZalsSabris (alicfory?) 14345, s~triasines 
2 ote! itriles 


Through the use of a vacuum systen Sh ge (0,37 moles) of propforonitrile 
‘was condensed into a stainless stecl autoclave, The eutoclave was 
heated at 300° for 120 hours, after which the vessel was allowed to cool, 
‘The volatile material (27 ge) was alloved to distill out of the vessel 
Defore it was opened, The vessel was found to contain 16,8 g of high 
voting material, The high boiling material was subjected to distiliae 
tion through a nine plate column giving 6,3 ge of colorless liquid 
doting at 122-122,5°, n?5 1.3131, 5 1,6506, 
Analysis Calculated for OgPyclizt Ny 94605 Mee 1355 Sele 135, Pounds 
My 84995 Melle W325 Soe bide 

‘The other fluorocarbon nitriles were found to act quite 
similarly to the propforonitrile with 300° as the optimun temperature 
for reaction, The butforonitrile however, gave better yields at the 
slightly higher temperature of 350°, 
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2ahg6, -triasine 
Into a round botton flask fitted with a reflux condenser was placed 55 
ge (0.3h moles) of propforanidine, The flask was placed in an oil bath 
and heated at 125° for three hours, the evolution of amionia being 
noted, At the end of this tine the resulting Liquid was cooled and then 
subjected to distillation through a colum packed with glass helices and 
calevlated at nine theoretical plates, ‘The distillate was « colorless 
Liquid boiling at 122°, n®5 1,3135, 5 1.6506 

‘the acetforamidine could not be used in this preparation since 
oa heating, 4% produeed a solid, a portion of which could be identified 
0 the acetforsmide, ‘the butforamidine appeared to be © very suitable 
reagent in this reaction giving excellent yields of the butforyl 
substituted triasines, 

The properties of the 2,h,6,tris(alkforyl) 1,3,5 s~triasines 
‘re sumarizod in Table Vit. 


Infrared Spectra of Alkfory] e-Triasines 

A Perkins and Elner Model 21 double bean infrared spectrophato= 
meter was employed in the preparation of the spectrograms af the 
alkforyl satriasines, A denountable coll consisting of two salt plates 
pressed over the Liquid was used, The cell thickness wes approximately 
0,027 mg 

‘The infrared spectrograns for the alkforyl s~triasines prepared 
follow, 
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Mikteey) sniéines 

The slifory1 aidines wore prepared by the action of anhydrous 
amonia on fluorocarbon nitriles without the influence of acid catalysts. 
‘Tho conditions under which the alkforyl anidines were propared indicate 
that the formation of these compounds and the mechanism by which this 
reaction occurs are quite different from those found in organic chemis- 
try. The fect that the fluorocarbon nitriles form stable free anidines 
by the addition of amonia to nitriles is significant in that these 
molecules are the first easily prepared and stable examples of compounds 
of this type. There have been recorded two instances of amidines having 
deen prepared?» 12 by the addition of axines or amonia to nitriles 
without acid catalysts. However, in one instance the isolation of the 
free anidine was clained, but other investigators* could not obtain the 
Compound except by formation of a picrate salt, In the other case, the 
material isolated was very unstable and hed to be kept at very low tenpe 
eratures under desiccation or else decosposition occurred, in both these 
instances the molecule to which amonia wes added was of an enhanced 
cationic type, the compounds boing trichloronethy eyanide and ethyl 
cyanotartronate, The enhanced reactivity of these compounds was probably 
due to the inductive effect of the substituents of the molecule, In this 
respect, these compounds show a sinilarity to the fluorocarbon nitriles 
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‘and probably reacted in a similar fashion, 

The organic anidines have been prepared by a number of differs 
ent methods, but there are only three of sufficient importance to be 
mentioned heres (1) the conversion of the imino ester to the amidine 
‘through the use of smonia,95 (2) the reaction of alkali metal anides 
with nitriles® and (3) the reaction of the seid salt of the amine or 
amonia with the nitrile,® the lest method is probably the most widely 
wed preparation for the amidine, ‘The methods of preparation can be 
sumarised by the folloving chenieal equations: 
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Ro(a)ORCNCL Sy Ro(am)NH,eHOL + ROH 
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‘Tt can be seen from the description of the preparation of the 
‘amidine that the reaction is basically one of an anionoid agent (amine) 
Seeking a cationoid site in the nitrile, The orgmic nitrile structure 
‘25 wo an construct it from our knowledge of its reactions is one in 
which there exist partial negative and positive charges in the molecule, 
‘This dipole arises in the molecules because of differences in olectro= 
negativity between the constitutent atoms. The organic nitrile may be 
Pletured ass 

~ -5 
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& = partial charge 
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It has beon suggested33 that the formation of the amidine in the pre= 
sence of acidic catalysts occurs according to the following mechanisms 


‘The hypothetical intermediate (I) is unstable in the presence 
of the amoniun ion and probably through hydrogen bonding 4s decomposed. 
by the ammonium ion to give the amidinium salt of the acid, This 
mechanism suggests that there are two conditions necessary for amidine 
formation among organic nitriles, The nitrile must be in an activated 
state having a ouitable reaction site available and the amidine once 
formed mst be more basic than the amine from which it was prepared, 
If the second condition was not net, the amonia salt would proferen= 
‘tially reaain and the equilibrium would shift to the aide favoring 
amoniun salt and not the auidiniua salt formation, A search of the 
Literature on the basteity of organic anidines reveals that the value 
for only a single substance is available, nanely acetanidine,’2 the 
value as given was pkb 1,59, Comparing this value with the pb values 
for certain anines, it can be readily seen that the amidines are nore 
‘basic than the ammonia compounds from which they are formed, It has 
‘been concluded by some investigators>3 that in general, amidine 


Be 
formation is more complete with salts of woak bases, 


‘TABLE VIII 
sien La 
(cay) gat 3429 
City 3636 
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Tt has been noticed in the study of substituted bensonitrile 
‘that amidine formation is usually promoted by groups which act as 
electron sinks (plMe50j, Br, N02) and is retarded by those which act as 
electron sources (We, OH).?3 the inductive groups will aid in the 
formation of the complex by increasing the polarity of the molecule, 
but they also decrease the basicity of the anidine once it is forned, 
‘This will rotard amidinium salt formation by displacing the equilibriun 
away fron anidine formation, 

‘The conditions under which the elkferyl anidines forn, indicate 
that neither of these two idess postulated for organic anidine formation 
4s of Smportance in the synthesis of alkforyl anidines, since the path 
‘to formation appears to be quite different, Since no imported stimlus 
was necessary for alkforyl anidine formation or stability, the differ= 
ence between organic nitriles and the fluorocarbon nitriles mst lie in 
the greater inductive effect of the fluorocarbon group adjacent to the 
nitrile structure, The electron withdrawing nature of the alkforyl 


8 
group ie mom, a evidenced in studies in connection with the elec= 
trophic addition to double bonds found adjacent to an alkfory1 
substituent.'6 te reactions of the fluorocarbon nitriles studied to 
date have in general been those of organic nitriles and have not shown 
a complete and clear picture of the possibilities of these fluorocarbon 
‘compounds, The value of the alkforyl radical adjacent to an unsaturae 
ted site becomes readily apparent in the reaction of the fluorocarbon 
nitriles to form amidines, 

‘The fluorocarbon nitrile structure might be pictured ass 


‘The inductive effect of the alkfory1 group on one side of the reactive 
carbon site and the electronegative nitrogen ato on the other side 
impart an effect to this carbon center wich renders it relatively 
Positive, This cationoid site is present in the molecule without any 
outside stimlus, The amonia nolecule being nucleophilic in charace 
ter is attracted to this positive site, The possible reaction mechanism 
may then be illustrated 
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Tt had been noted that when the reaction to form the anidine 
‘wes conducted in the presence of cmoniua chloride, no aidiniun 
chloride was formed, This would indicate that the aliforyl anidine 
formed was a weeker base than the amonia fron which it was prepared, 
‘The postulate of an equilibriu between hypothetical nitrile inter 
mediate and the smoniun salt is not valid for the formation of the 
alkfory1 anidine since the annoniun salt could be isolated readily 
from the reaction mixture, Although the alkfory1 anidine was prepared 
4m this reaction, no anidiniun salt was found, ‘This condition would 
have boon impossible if 2 mechanism involving acidettalysis was 
operating, 

‘The mechanism then postulated for anidine formtion from the 
fluorocarbon nitriles 4s the addition of amonia to the free nitrile 
along with a proton shift to give the stable anidiney 


Traubstittuted and mindioubststuted Antdines 

‘The substituted amidines can be looked upon as forming in the 
Sane manner as the unsubstituted amiifines, the only difference being 
‘that the basicity of the amine appears to be very important for formas 
tion of the substituted amidine, The monosubstituted alkyl amine 
reacted quite readily as did the disubstituted alkyl amines in both 
cases the reaction was as fast and as complete as with amonia, It 
‘will be noted from Table VIII that the basicity of both of these emines 
exceeds that of ammonia, ‘The fact that the phenyl substituted amines, 
‘Such as aniline, would not react with the nitrile even after heating, 
ould possibly be explained by the fact that the basicity of the amine 


bo 
4s an important consideration in the reaction,” Aniline is a consider 
ably veaker base than either amonia or alkyl substituted anines and 
hence would yield a poor anionoid nitrogen to teke part in the reaction, 
Additional study on the formation of anidines with respect to the 
strongth of the base will be necessary before any more definite conclu- 
‘sions can be reached, 


saidinien salse, 
The salts of the amidine show some very interesting properties 


with respect to the influence of the alkforyl radical on their acid~ 
bese strength, The organic anidines have been called by sone investie 
gators13 carbanylic acids because of their acid Like character in 
solution of ambhydrous amonia, It has been possible to produce metallic 
salts of the organic amidine using anhydrous emonia aa a solvent, 
The organic anidine in solvents such as other or ater has been found 
to be too wak an acid for successful preparation of metallic derives 
‘tives, The fluorocarbon anidine, however, exhibits sufficient acid 
properties in organic solvents to form these metallic salts, This 
again indicates the electron inducing effect of the fluorocarbon croup 
on the overall basicity of the amidine molecule, The silver and mer= 
cary salts of the anidines wore propared in anhydrous ether and were 
found to be crystalline materials which decomposed on heating, The 
salts which forned indicate that the alkforyl amidines are monobasic 
‘acids, Although threo replaceable hydrogen atoas are available, only 
one hydrogen was replaced by the metallic ion, These structures may be 


represented by gencral formlaet 
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‘The alkali metal salts resisted all attempts at isolation and 
could not be prepared, A possible reason for this is the fact that 
‘when the reaction was run in aqueous or alcoholic modis, hydrolysis 
occurred, ‘When the alifory] anidine was treated xith alkali metal in 
‘an anhydrous amonia solvent decomposition occurred, The decomposition 
of fluorine containing compounds in liquid amponia containing alkali 
matals has boon noted by Mode? and has been used as a nethod of 
decomposition for analysis, The product of the reaction was a syrup 
which resisted erystallisation, extraction or distillation, Since 
nothing that appeared to be of interest at the tine could be isolated, 
the experinents wore discontinued, 

‘The alkforyl anidines, besides being acid enough to form metal 
salts, exhibit basic properties in the vane solvents which are suffie 
cient to bring about the formation of acid salte, A number of these 
salts were prepared using inorgeni¢, organic and fluorocarbon acids, 
aly one seid molecule reacted with one amidine molecule to form an 
‘anidiniun salt, The structure of these compounds froa analyses and 
neutral equivalents appears to ber 
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Aariated snidines 
‘The alkforyl amidines are quite easily acylated to forn the 

Uegubdstituted acyl derivatives, The course of the reaction leading to 
‘the Neacyl alkforyl anidines could yield two tautomeric acylated 


products. 
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‘The two isomeric forms should have distinctly different chare 
acteristics, Structure (I) should be acidic in nature due to the two 
adjacent electron inducing groups, while (II) should be a neutral 
molecule or at most a very weak acid, The hydrolysis of (I) should 
produce the mixed secondary amide (III) while hydrolysis of (II) 
would produce the prinary amide (IV). 


a 
RqO(OMC(OMRy RyO(O)Ity 
cm eo) 


‘Tho Nedensoyl derivative of the butforanidine was found to be 
@ noutral compound since it was not soluble in aqueous sodiun hydraride, 
and the butforanide, ‘The Wabutforyl derivative which could not be 
obtained in a state sufficiently pure enough to characterize it, hydro= 
lysed exclusively to the butforanide. 

‘The sulphonic acid derivatives of the organic amidines have 
deen shown to display a sinilar reaction?» 32 mus, Barber using 
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‘sulfonyl derivatives (R-S0)~) concluded that there possibly existe 
‘two isomers of these compounds, the stable form being of a structure 
‘Similar to (I) and an unstable form similar to structure (II) whieh 
could be converted te (I), orthey? was able to isolate only ono sule 
fanilyl derivative (ijH-Cgliga50,~) viich was incapable of forming the 
sodium salt and on hydrolysis gave anides of type (IV), The author 
concluded that a structure similar to (II) was more correct on the 
basis of the date obtained, 

A comparison of the two structures of the acylated anidines 
will show that the existence of the two different compounds can be 
‘accomplished when an electron inducing substituent is adjacent to the 
amidine functional group, This electron inducing group can then serve 
to imobilize the hydrogen atom and prevent prototropy. 
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‘This type of tautomerism would cecur but for the electron in= 
ducing effect of the slkforyl radical which stabilises the imino 
nitrogen so that the rapid exchange of proton is lessened or entirely 
halted. 

A consideration of the hydrolysis products and the apparent 
neutrality of the acylated alikforyl anidines would lead to the conclue 
sion that the acyl derivatives of the alkforyl anidines probably exist 
as structure (II), 
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Renotion of Butforenttine with Sodiee Bypebromte 


‘The reaction of the butforanidine in the presence of sodiun 
hypohalite was found to produce the propforyl bromide and the butfere 
amides 

Tt hes boon shown by Husted and Koblhase®? thet the alkforyl 
amides give unexpected results in the Heffuann Hypobronite Reaction, 
‘the butforamide forming propforyl bromide instead of the expected 
propforyl amine, This sane product was obtained with the butforamidine. 
‘The reaction as applied to the butforamide was given ast 


RgG(O)My + WadBr ——» ReC(O)NEBr 
ngetoymme OS gir + Coy + My 
‘The Webromo substituted amide being an isolatable compound, 

‘The reaction mechanism for conversion of butforanidine to 
propforyl bromide indicates that the anidine was first hydrolyzed to 
‘the amide and that the latter then reacted with sodium hypohalite to 
give the isolated propfory1 bromide, 

‘ALL atteapts to propare an Nebrono substituted anidine were 
‘without success, the reaction being tried in a number of solvents under 
a variety of conditions, This indicates that under normal conditions 
of formation of W-brono derivatives of the amidines the alkforyl 
axidines do not react to give these compounds, The silver salts of the 
alkforyl amidines were also used without any success, The nechsnism 
‘then proposed for the formation of the propforyl bromide from the but~ 
foramidine, since the butforamide was isolated in the reaction mixture, 


as 
4s for the forustion of the butforanide by hydrolysis and then bromi~ 
nation followed by elimination and rearrangenent, 


Wipmpeerben Teiomnies, 


‘The fluorocarbon thicanides vere prepared by two different 
nethods, ‘The action of hydrogen sulfide was found to convert both the 
fluorecarbon nitriles and the fluorocarbon anidines to the fluorocarbon 
‘thiomides at room tenperature, 

‘The flugrocarbon nitrile when sealed in a glass tuhe with hy= 
drogen sulfide was found to react at room temperature to produce the 
‘fluorocarbon thicanide, ‘The reaction was found to be very rapid, and 
in the case of acetforonitrile so vigorous that charring of the reace 
tants or products occurred, 

‘The organic nitriles have been found to add hydrogen sulfide 
under the influence of heat and pressure!» 5 the reaction being catex 
lysed by alkali hydrosulfides, It was shown that electron inducing 
groups sid in the addition of hydrogen sulfide to aronatic nitriles, 
the time for reaction decreesing with the more electronegative a 
substituent on the ring.®3 the rapid reaction of the fluorocarbon 
nitriles shows again the great electron affinity of the alkforyl 
radical, since these compounds form almost quantitative yields of the 
fluorocarbon thioamides by hydrogen sulfide addition at room temperature. 

‘The fluorocarbon amidines react «ith hydrogen sulfide in a 
Solvent of ethyl ether at room temperature to form the fluorocarbon 
‘thioamides, The reaction requires a large excess of hydrogen sulfide 
to convert the fluorocarbon anidines to the fluorocarbon thiosnides, 
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‘The fluorocarbon thicwmides prepared in this manner were found to be 
substantially pure since in mst cases oven before distillation they 
solidified, The fluorecarben thicanides as prepared were found to be 
ow meltingy pale yellow solids with the exception of the first menber 
‘adoacetforanide which was a pale yellow Liquid, The thicanides 
appeared to be quite stable and could be stored for a nusber of weeks 
in sealed vials without any apparent decomposition, 
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‘The preparation of the 2,l,6tris(alkforyl) 1,3,5 triasine was 
accomplished by two different methods, The firet involved the trix 
merization of the alkforyl nitrile under pressure, The second concerned 
‘the coupling of three noles of alkforyl anidine with the resultant loss 
of amonia to fora the triasine, 

Trinerteation of the Muorccarbon nitriles under preseure,= the 
fluorocarbon nitrile was found to trimerise under the influence of 
pressure to form the triasine, no acid catalysis being necessary, There 
was no definite set of conditions for trimerization found, but the 
pressure range found most satisfactory was between 700-900 Pstele The 
optimm temperature appears to be between 300=350° and the reaction 
‘time may vary betwoon 30-120 hours, the criteria being a sufficiently 
great pressure decrease. 

‘The fluorocarbon nitriles show a striking difference in poly- 
merization when compared with their organic analogs, in that no 
activating influence was necessary to effect this reaction, The 
mechanism proposed for the formation of a triasine under the influence 


ur 
‘of acid has been a diene type synthesis in which two moles of the 
nitrile condense to form the diene and the third mole of the nitrile 
‘then acts as the dienophile, The mechanism appears to be applicable 
to the synthesis of the triasine from the alkforyl nitrile, The 
reaction sequence is listed below. 
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A possible mechanism which is proposed is that two moles of the more 
active fluorocarbon could condense to forn a diene type structure 
followed by condensation with a third mole to form the triasine, 

‘The reaction appears to require rigid rules for the sise of 
‘the molecule involved, for, as the sise of the alkfory radical in- 
creased, the yield of the triazine was noted to decrease, The effects 
of pressure was noticed to have an effect upon the synthesis, At the 
‘lower pressures of 300-N00 p,8.is, reaction did not take place, but 
at pressures over 600 p.teisy effective trimerisation was accomplished, 

Sondensation of the slkfory) anidines,= The alkforyl amidines 
when heated in the ataosphere above their melting pointe trinerize to 
form the alkfory1 s-triasine in good yield, The exception is the 
acotforanidine which was found to hydrolise in ataosphere on heating to 
form the corresponding amide, The reaction appears to be a coupling 


B 
of three moles of the amidine with splitting out of amonia to fora 
‘the triazine, It was found that when butforamidine was heated, just 
slightly less than the theoretical amount of amonia was evolved for 
the sowling 20 deserined belon, 


The alkforyl triasines vere found to be @ neutral substance 
very resistant to acid attack, The 2,l1,6,tris(propforyl) 1,3,5, 
‘S-triasine was stable to coneentrated sulfuric acid oven after 72 
hours’at 300°, ‘The triasines vere found to be very susceptible to 
alkaline hydrolysis giving the sodiun salt of the flucrocarbon seid 
on trestnent with aqueous alkali and the esterified fluorocarbon acid 
on alkaline alecholic hydrolysis. 

‘The following charts are inserted for comparing the two methods 
devised for preparing the alkforyl o-triasines, In Table IX, the 
values for the temperature and the tine are shown es those shich gave 
‘the best yield of the alkfory1 s«triasine in these experinents, The 
Presoure is an autogenous pressure snd depends upon the quintity of 
starting material employedy hovever, pressures above 600 p.S.i,, were 
necessary for trinorisation, 

Table X ives the comparative yield of the two methods for the 
preparation of the alkforyl s=triaziness 


Temp, Time Pressure = Tield 
i ee ee 
Pye 300 28 1000 51,0 
CoP g= 3002S ao 100 to 
O5P y= os a0 174.0 
Table X 
Somparative Tielss of Alxfory enPrissines 
aps 
CnttaCeteO=t 
yrds 
ae al Alktory witette —Alsfory/. anidine 
CPs sis - 
OpFge das 358 
ad ws as 


Infrared Absorption Spectra 
sf Alkfory) scfriasines 


‘The infra red spectra of the elkforyl s-triasines show a very 
characteristic strong band in the region 1565 ex“ (6,ly)~ The band 
was found at the sane location in all three members of the series and 
4s believed to be characteristic for the -Csil- in conjugated eyclic 
compound, 
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Studies involving the conjugated cyclic structure, the 
Calle absorptions have been assigned as being within the range 1660 
1:80 em-2.? A strong absorption at or near 810 om) (12.40,) has 
been attributed to the ring structure of pyrimidine in studies of 
‘these compounds,"3 the triazine ring structure not being vory 
Aifferent, shows characteristic absorption at this point too. 


‘The methods of preparation and sone physical and chemical 
properties of six distinct classes of nitrogen containing flicrocarbon 
derivatives are presented, These compounds are the result of an 
investigation of a variety of reactions of the fluorocarbon nitriles 
and denonstrate, by their forsation, some of the unique applications 
of this fluorocarbon derivatives 

1, A series of alkfory] anidines were prepared and sone of 
‘their physiesl and chesieal properties determined, These compounds 
are believed to have the following structures 


Retry 

The specific compounds in which Ry equalst CFyxp Cp¥guy and O3Fye= were 
prepared and characterized, ‘These compounds represent the first 
instance of an uncatalysed addition of ammonia to a nitrile to yield 
@ free amidine, A possible reaction mechanism is proposed in an 
attempt to explain the apparent difference in amidine formation between 
‘the fluorocarbon and the organic nitriles, 

a A series of Honathy and i, Hedinethyl, substituted alkforyl 
amidines were prepared and sone of their physical properties determined, 
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‘These compounds are believed to have the following structures 


Kell Retie 
The specific compounds for Rp equals: CFy-5 CoFyny and 03F7~ were 
Prepared and characterised, 

3. Acories of metallic salts of alkforyl anidines were 
propared, The salts prepared comprise the N-silver alkforyl anidines 
and the Newercurie alkforyl anidines, The metallic salts show the 
apparent acidity of the alkforyl anidines in neutral solvents, ‘The 
‘analysis of these compounds indicate that the alkforyl amidines act 
as monobasic acids, 

lie A series of acid salts of the alkforyl anidines were 
prepared and characterised, These derivatives vere formed with the 
Anorganic, the organic and the fluorocarbon acids and indicate the 
apparent basicity of the alkforyl anidines under the condition of the 
reactions 

Se Acylation of the alkforyl anidines produced the H=acylated 
derivatives of the alkforyl amidines, These compounds, which hydrolyse 
to the primary anide and appear to be neutral substances, indicate that 
‘the imino nitrogen 4s the site of acylation, As such, they represent 
4 departure in structure from most acylated organic anidines, These 
compounds are believed to have the following structures 

Re-Cnti-c(0) Rp 
Mi 
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6, A reaction showing the rearrangenent of the butforamidine 
under the influence of sodium hypobromite to the propforyl bromide is 
Presented, A possible path of the rearrangement is proposed, 

Te A series of thicalkforasides wore prepared and sone of 
‘their properties determined, The preparation of these compounds was 
‘accomplished by two methods employing in the one case the alkforyl 
amidine and in the other case, the alkforyl nitrile, ‘The compounds 
are believed to have the structures 

8 
ag Om 
The compounds An which Re equalst CFy-y CoFeay and C3Frey ware 
prepared and characterized, 

8, the 1,3,5, tris(alkforyl) 2,h,6, s-triasines were 
Prepared and characterised, These compounds wore prepared by two 
independent syntheses using in the one case the alkforyl anidine and 
in the other case, the alkforyl nitrile, The compounds as prepared 
are believed to have the structures 


‘The compounds prepared and characterized wore for Ry equalss CPs, 
p¥eq, and C3Fy=4 These compounds represent a departure fron the con= 
Ventional reactions of organic chenistry in that the trinerisation of 
‘the alkforyl nitrile was accomplished without the use of a catalyst, 
‘The infrared spectra for these compounds is also presented, 


r 
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